Abstract -The velocity of agricultural vehicle is an important variable for the navigation system and variable rate applicator in precision agriculture, and the stable velocity in the filed improves the control accuracy of those systems. After analyzed the powertrain system of agricultural vehicles, a simple and general velocity control system was designed regardless of the structure of powertrain. Meanwhile, this system can be adapted without damage the vehicle's original mechanical structure, and cooperate with the precision agriculture application via the CAN bus. The variable universe method and incomplete derivation control strategy were introduced in the designed of fuzzy-PD controller to improve the adaptability. The road test was accomplished on LOVOL TA800 tractor and YAMMAR VP6 rice transplanter. The test results show that the mean absolute error is less than 0.045 m/s, and the velocity control system is reliable and effective. Index Terms -variable universe, fuzzy-PD, incomplete derivative, rice transplanter, tractor.
I. INTRODUCTION
Precision agriculture (PA) is a crop management strategy, and has generated significant changes in crop production management. It is also inevitable choice for china to achieve sustainable development in agriculture. Nowadays, the researches of PA application mainly focus on the navigation control and variable rate control. The vehicle speed is an important variable for those systems, and has crucial influence in PA application performance. But, the speed varies widely when the vehicle travels in the field. Therefore, the stable velocity enhances the control accuracy of PA applications. The velocity control systems, also known as cruise control system for automobiles [1] , automatically regulate the vehicle speed by adjusting the power delivered to the drive wheels, maintain the travelling speed at the preset speed, reduce driver fatigue and improve comfort for long drives.
T. Coen et al. developed a cruise control system on combine harvester by controlling the engine speed and the pump setting, derived the nonlinear model of the propulsion system and designed a model-based predictive controller [2] [3] [4] . W. Lin et al. also developed a walking velocity control system based on feed quantity on combine harvester [5] . J. Chen et al. applied the fuzzy control with grey prediction algorithm to keep the load stable by controlling the speed of combine harvester, and the control system had shorter adjustment time, smaller overshoot and better performance [6] . K. Han, et al designed a cruise control system for the tractor that equipped with electro-hydraulic automated mechanical transmission [7] . N. Guo et al. designed an intelligent operation control system based on GPS for rice transplanter to control the traveling speed according to the prescription map [8] .
The travelling speed of agricultural vehicles is determined by many factors, such as the power that delivered to the drive wheels from powertrain system, the tire pressure, and the field surface conditions. This process is a complex, multi-variable, nonlinear, time-varying system, and the accurate mathematical model is hard to obtain. The conventional PD control method is very sensitive to the changes of system parameters and disturbances, and can't provide good closed loop response characteristics. The derivation term with low-pass filter limits high-frequency noisy signals, and performs better than conventional derivation. The fuzzy control algorithm has the advantages on dealing with nonlinear systems and using the human operator's knowledge, but it doesn't have good accuracy. The fuzzy-PID controllers tune the PID parameters in real time, and improve the system adaptability at a certain extent. But the fixed universes of inputs and outputs can result in excess or deficient adjustment of the PID parameters, and that limits the dynamic and static behavior of the fuzzy controller.
In this research, the powertrain system of agriculture vehicles was analyzed, and a simple and general velocity control system was developed based on human operation habits, the variable universe method and incomplete derivation were introduced in the design of the fuzzy-PD to improve the adaptivily, and the performance of whole system was evaluated on the modified tractor and rice transplanter.
II. THE VELOCITY CONTROL SYSTEM FOR AGRICULTURAL VEHICLE

A. Transmission System of Agricultural Vehicles
The vehicle powertrain system generates power and delivers to the wheels. Generally, the powertrain system includes the engine, transmission, drive shafts, differentials, and drive wheels. The transmission system couples with the engine and provides rotates speed and torque conversions to the drive wheels via a series of pedals and operating handles. The most common transmission systems that have been used for the agriculture industry are manual transmission (MT), hydrostatic transmission (HST).
Manual transmission, also known as a manual gearbox, consists of several gears and offers a fixed number of gear ratios. Gears inside the transmission change the vehicle's drive 978-1-4799-5825-2/14/$31.00 ©2014 IEEE Proceeding of the 11th World Congress on Intelligent Control and Automation Shenyang, China, June 29 -July 4 2014
wheel speed and torque in relation to engine speed and torque. The control of velocity for agricultural vehicle with MT is realized by the gear shift handler and accelerator pedal. The engine rotates the main drive gear of the transmission, then the gear shift handler meshes different size gears into drive gear to achieve the changing of transmission ratio, finally change the vehicle's speed. The accelerator pedal is connected to throttle of engine and regulates engine power by adjusting the amount of air allowed into the combustion chamber of the engine. Hydrostatic transmission is a continuously variable transmission that changes steplessly through an infinite effective transmission ratios, and widely employed in agricultural vehicles. HST usually uses a hydraulic variable displacement piston pump and constant piston motor connected in a circuit together. The pump is directly connected to the engine, converts the rotational motion into fluid flow. Then, the motor located on the driven side converted the fluid flow back into the rotational motion. The transmission ratio can be changed through the rotation angle of the pump's swash plate. The control of engine and transmission ratio is realized by the handler and the pedal respectively.
In conclusion, the velocity of agricultural vehicles is basically determined by two factors, the engine power and the transmission ratio. The pedal modulates the engine power by adjusts the engine's throttle directly for MT, while the pedal changes the transmission ratio continuously for HST. Although the pedal of agricultural vehicles is connected to different part of the powertrain, the velocity is regulated primarily by the pedal according to human operation habit.
B. Description of Velocity Control System
Agricultural vehicles mostly maintain a constant speed in the field. The control of velocity is achieved by adjusting the pedal based on human operation habit. Thus, a simple and general velocity control system was developed for majority agricultural vehicles. The system controls the vehicle speed by regulating the pedal's movement. In other words, the system controls the engine power for the MT and the transmission ratio for the HST respectively. Furthermore, the system is easy to adapt without damage the original mechanical structure of powertrain, as shown in Fig. 1 .
The velocity control system is composed of a field computer, a radar speed sensor, a control unit, and a linear actuator. The field computer [9] loaded with prescription map displays the operating information of the velocity control system, such as setting speed, and sends the operating command to the control unit. The vehicle speed was measured by a DICKEY-john RVSIII radar velocity sensor. The TG-300 linear actuator converts the circular motion of electric motor to a linear motion, and was tied with the pedal to regulate the pedal rotation angle accurately, as illustrated in Fig. 1(b) . The control unit was designed based on ARM9 processor LPC3250, and it constantly computes and adjusts the pedal position according to the agricultural measured speed from the radar sensor. The distributed CAN-bus based on ISO11783 protocol was utilized for the communication of different devices. Therefore, this system has the ability to provide the required speed for the vehicle navigation system [10] and variable rate application through the CAN bus. The performance of fuzzy control methodology is determined by the number of the rules, but the increase of fuzzy rules will cause "combinatorial rule explosion", and increase the computation duration of the controller [11] . Variable universe fuzzy control methodology introduces the contraction-expansion factors, which contract and expand the universes of the input and output variables with the decreases or increases of the inputs [12, 13] . Therefore, it will improve the robustness and adaptive capacity of the system. The fuzzy controller with 2 inputs and 1 output was designed, the input variables for this fuzzy controller are the error e and error deviation ec with the initial universe 
In general, the quantization factor and scale factor usually are fixed and should be selected reasonably, because they influence the static and dynamic properties of the fuzzy controller evidently. Hence, the contraction-expansion factors are combined with the quantization factor and scale factor in practical design, and then the original universes vary with the inputs. The modified quantization factor and scale factor are calculated by (1), (2) and (3) .
Where
2) Incomplete derivative PD controller
The PD controller is an error-driven strategy, the reference signal error is e(t)= r(t)-y m (t), where r(t) is the reference input and y m (t) is the measured output variable. But in practical application, the feedback signal y f (t) is the sum of the measured output y m (t) and a measurement noise component y n (t), as shown in Fig. 2 . Thus, the error signal e(t) contains a corrupting noise signal. Meanwhile, the derivative term amplifies the high-frequency signals. Therefore, a low-pass filter was introduced into the derivation term to attenuate the effect of high-frequency signals in this study. The derivation control with low-pass filter is called incomplete derivation [14] . The block diagram of incomplete derivative PD control is shown at Fig. 2 . The transfer function of the PD controller with incomplete derivation is written as equation (4) 
3) Variable universe adaptive fuzzy-PD controller design The velocity of agriculture vehicle is decided by 2 factors, the output power from the engine and the transmission ratio. The velocity control system designed in this paper regulates the pedal's movement angle, which means that only one of the 2 factors is controlled. Hence, a strong adaptive ability is required for the controller. The variable universe adaptive fuzzy-PD controller adjusts the PD parameters and the universes of inputs and outputs based on the real-time speed changes e and ec to improve the system adaptability.
The variable universe adaptive fuzzy-PD controller has three main components: incomplete derivative PD controller, fuzzy controller and universe adjusting unit, the structure is shown in Fig. 3 . Where, y(t) is the vehicle speed, and r(t) is the desired speed that is specified by the driver, ∆K p ,∆K d are the modified values of the PD parameters K p ,K d . The contraction-expansion factors should satisfy the duality, monotonicity, compatibility and normality [13] . The proportion and exponential function was introduced in the design of contraction-expansion factors, as shown in (5), (6) . Then, the PD parameters can be calculated by (8), (9) .
Where, K p0 , K d0 are the initial values of the PD parameters.
III. EXPERIMENTS AND RESULTS
A. The Velocity Control System of Rice Transplanter and Tractor
The LOVOL TA800 tractor and a YAMMAR VP6 rice transplanter were selected to represent the MT and HST transmission respectively in this paper. The LOVOL TA800 tractor has the MT transmission. The velocity of tractor modulates by the pedal that tied with the engine's throttle directly and the handler that shifts the gear ratio. The YAMMAR VP6 rice transplanter controls the velocity by the pedal that shifts the HST transmission ratio continuously and the handle that tied to the engine's throttle. The tractor and the rice transplanter equipped with the velocity control system are shown at Fig. 5 and Fig. 6 . 
B. Experiments
The stability of the velocity control system and the adaptability of the variable universe adaptive fuzzy-PD controller were verified on the road for the rice transplanter and tractor. Three different experiments were designed. The first experiment was used to testify the stability of the system, the rest experiments were designed to challenge the adaptability of the control strategy.
1) Experiments with fixed set speed The rice transplanter and tractor run at a fixed set speed. Three different set speeds were selected for both vehicles, which are 0.8, 1.0, 1.2 m/s for rice transplanter, and 0.8, 1.4, 2.0 m/s for tractor. Moreover, three experiments were conducted at each set speed.
2) Experiments with varied set speed The set speed can be configured by the field computer via the CAN bus. Two different experiments were designed for both vehicles. The set speed increases or decreases after the vehicles stabilized at the initial set speed. The set speed varies from 0.8 to 1.2 m/s and 1.2 to 0.8 m/s for rice transplanter, and 1.4 to 2.0 m/s and 2.0 to 1.4 m/s for tractor.
3) Experiments with the powertrain at different conditions
The velocity control system only regulates one factor that determines the vehicle speed. Thus, the other factor alters after the vehicles stabilized at the initial set speed.
(a) Increasing the engine power for rice transplanter The operator pulls down the handle to increase the engine power during the rice transplanter running steadily at set speed 0.8 and 1.2 m/s respectively.
(b) Different gear ratios for tractor The tractor sets at 2 different gear ratios (first and second gear level) with the same set speed 2.0 m/s, and three experiments were conducted at each gear ratio.
C. Results
The vehicle speed provided by the radar speed sensor was recorded at the laptop through the CAN bus, and analyzed by MATLAB.
1) Experiment results with fixed set speed As can be seen from the TABLE IV, the mean absolute errors (MAE) vary from 0.044 to 0.0223 m/s, while the standard deviations (SD) vary from 0.0301 to 0.0595 m/s for the two different vehicles. Although the MAE and the SD reveal a trend of gradual increase, the percentage errors (PE) decrease with the increasing of the set speed. Moreover, the PE of both vehicles fluctuates slightly at each set speed. Furthermore, this table indicates that the velocity control system performs much better for the tractor and at the higher set speed. 2) Experiment results with varied set speed TABLE V shows the error analysis of this experiment, and it reflects that there are no obvious increases of error after the set speed varied for both vehicles. In brief, the tractor has better dynamic response characteristics than the rice transplanter. 3) Experiment results with the powertrain at different conditions (a) Increasing the engine power for rice transplanter Fig. 8 illustrates the speed trend after pulled down the handle to increase the engine power for the rice transplanter at set speed 1.2 and 0.8 m/s separately. As can be seen from the TABLE VI shows the error analysis of experiments that the tractor is running at first and second gear level. The MAE fluctuate from 0.0327 to 0.0425 m/s, meanwhile, the SD varied from 0.0415 to 0.0553 m/s. TABLE VI also indicates that the PE less than 2.12% for both gear levels. The data lead us to the conclusion that there were no significant differences of the system performance between gear level first and second. TABLE VI and Fig. 8 proved that the system possesses self-adaptive ability for the changes of two vehicle's powertrain. 
IV. CONCLUSIONS
In this study, a simple and general velocity control system with variable universe adaptive fuzzy-PD controller was designed to provide stable traveling speed in the field for the PA applicators despite the transmission structure differences. The LOVOL TA800 tractor and YAMMAR VP6 rice transplanter were modified to represent the MT and HST transmission system and the experiments were designed and conducted on the road. According to analysis of the tables and diagrams, the MAE is less than 0.045 m/s, and the PE is less than 4%. In brief, the velocity control system and variable universe adaptive fuzzy-PD strategy is reliable and effective for both transmissions. Furthermore, the variable universe adaptive fuzzy-PD control method also introduced more parameters to tune, such as the initial value of the PD parameters, the contraction-expansion factors. The tuning process of those parameters is very difficult. Therefore, a PD controller can be tuned in advance, and then a set of PD parameters can be selected to use as the initial parameters.
